An ultrasound (US) examination of the hand, including the wrist, should be conducted with the use of a linear transducer of a high frequency (\>12 MHz). The patient should sit down opposite the examiner with the hand resting on a table or on the patient\'s knee. The examination involves the evaluation of its dorsal and palmar (ventral) side. The dorsal wrist assessment should include imaging of the following anatomical structures ([Tab. 1](#T0001){ref-type="table"})^([@CIT0001]--[@CIT0005])^:distal radioulnar joint;radiocarpal joint, midcarpal joint, carpometacarpal joints, dorsal radiocarpal ligament;compartments of extensor tendons;additionally, the following structures are also visible: radial artery, cephalic vein and two small branches of the radial nerve: superficial and deep;certain midcarpal ligaments are also visible, in particular the scapholunate ligament and lunotriquetral ligament.

###### 

Anatomical structures evaluated during ultrasound examination of the dorsal wrist

![](JoU-2015-0015-t001)

###### 

First compartment. Anatomy review

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First compartment                                                                                                                                     
  ----------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **EPB -- extensor pollicis brevis**\                                                                                                                  **APL -- abductor pollicis longus**\
  **Origin:** proximal radius and interosseous membrane\                                                                                                **Origin:** ulna, radius and interosseous membrane\
  **Insertion:** proximal phalanx of the thumb\                                                                                                         **Insertion:**\
  **Blood supply:** posterior interosseous artery\                                                                                                      a) distal, superficial part: radial side of the base of metacarpal bone\
  **Nerve:** posterior interosseous nerve\                                                                                                              b) proximal, deep part: variable -- trapezium, joint capsule or belly of abductor pollicis brevis\
  **Actions:** extension and abduction of thumb at metacarpopharyngeal joint\                                                                           **Blood supply:** posterior interosseous artery\
  **Tips and tricks:** Anatomical variant -- absence of EPB. Then fusion with tendon of extensor pollicis longus (third compartment) can be observed.   **Nerve:** posterior interosseous nerve\
                                                                                                                                                        **Actions:** abduction and extension of thumb\
                                                                                                                                                        **Tips and tricks:** In about 80% of people accessory abductor pollicis longus tendon is present (in some of them even accessory belly of this muscle can be identified).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Second compartment. Anatomy review

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Second compartment                                                                            
  --------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------
  **ECRL -- extensor carpi radialis longus**\                                                   **ECRB -- extensor carpi radialis brevis**\
  **Origin:** lateral supracondylar ridge of humerus\                                           **Origin:** lateral epicondyle of the humerus, radial collateral ligament of elbow joint\
  **Insertion:** radial side of the base of 2nd metacarpal\                                     **Insertion:** base of the 3rd metacarpal\
  **Blood supply:** radial artery\                                                              **Blood supply:** radial artery\
  **Nerve:** radial nerve\                                                                      **Nerve:** deep branch of the radial nerve\
  **Actions:** extensions of the wrist, abduction of the hand at the wrist\                     **Actions:** extension of the wrist, abduction of the hand at the wrist\
  **Tips and tricks:** A very long tendon of ECRL, starting at proximal third of the forearm.   **Tips and tricks:** Few fibres can be inserted into middle part of the dorsal surface of the second metacarpal bone.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Third compartment. Anatomy review

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Third compartment
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **EPL -- extensor pollicis longus**\
  **Origin:** interosseous membrane, middle third of ulna (posterior surface)\
  **Insertion:** the base of the distal phalanx of the thumb\
  **Blood supply:** mostly posterior interosseous artery\
  **Nerve:** posterior interosseous nerve (deep branch of the radial nerve)\
  **Actions:** extension of the thumb in metacarpophalangeal and interphalangeal joints\
  **Tips and tricks:**\
  1. Easy to identify on transverse view: single tendon on the ulnar side of the Lister tubercle of the radius which is perfect bony landmark.\
  2. Rupture of the EPL tendon is more commonly associated with undisplaced fractures of the distal radius rather than with displaced fractures. Reason: ischaemic rupture. Rupture usually occurs 3 weeks to 3 months after injury (in less than 3% cases of distal radius fractures).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Fourth Compartment. Anatomy review

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Fourth compartment
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **ED -- extensor digitorum (extensor digitorum communis and extensor indicis proprius)**\
  **Origin:** lateral epicondyle of humerus, common extensor tendon\
  **Insertion:** extensor expansion of middle and distal phalanges of 2nd, 3rd, 4th and 5th fingers\
  **Blood supply:** posterior interosseous artery\
  **Nerve:** radial nerve\
  **Actions:** extension of the phalanges (mainly the proximal phalanges), then the wrist, and finally the elbow. ED tends to separate the fingers as it extends them.\
  **Tips and tricks:**\
  1. The middle and terminal phalanges are extended mainly by the interossei and lumbricales.\
  2. Mallet finger -- injury of ED tendon at the distal interpharyngeal joint DIP. Mallet finger usually is caused by an object (e.g., a ball) striking the finger, creating a forceful flexion of the extended DIP. The extensor tendon may be stretched, partially torn, or completely ruptured or separated by a distal phalanx avulsion fracture.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Fifth compartment. Anatomy review

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Fifth compartment
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **EDQ -- extensor digiti quinti propius (extensor digiti minimi)**\
  **Origin:** lateral epicondyle of humerus, common extensor tendon\
  **Insertion:** extensor expansion at the dorsal side of the base of the proximal phalanx of 5th finger\
  **Blood supply:** posterior interosseous artery\
  **Nerve:** radial nerve\
  **Actions:** extension of the wrist and of the little finger (at all joints)\
  **Tips and tricks:**\
  Anatomy details: common extensor tendon -- attaches to the lateral epicondyle of the humerus and serves as the origin for following muscles (some of them partially):\
  1. Extensor carpi radialis brevis (II)\
  2. Extensor digitorum (IV)\
  3. Extensor digiti quinti propius (V)\
  4. Extensor carpi ulnaris (VI)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Sixth compartment. Anatomy review

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Sixth compartment
  ------------------------------------------------------------------------------------------------------------------------------------------------
  **ECU -- extensor carpi ulnaris**\
  **Origin:** lateral epicondyle of humerus, common extensor tendon, ulna\
  **Insertion:** the base of the 5th metacarpal\
  **Blood supply:** ulnar artery\
  **Nerve:** radial nerve\
  **Actions:** extension of the wrist, slight ulnar flexion of the hand\
  **Tips and tricks:**\
  Images of this tendon should be obtained in short and in long axis. Follow the tendon towards its insertion at the base of the 5th metacarpal.

  ------------------------------------------------------------------------------------------------------------------------------------------------

Distal radioulnar joint {#S0001}
=======================

The distal radioulnar joint is assessed by positioning the transducer transversely and longitudinally at the level of the radioulnar joint space. The aim of the test is to find signs of inflammation in the joint, such as effusion or synovial pathology.

Radiocarpal joint, midcarpal joint, carpometacarpal joints, dorsal radiocarpal ligament {#S0002}
=======================================================================================

The joint cavity of the radiocarpal joint consists of the carpal surface of the radial bone and the articular disk (that separates the wrist from the distal ulnar bone). The head is composed of three out of four bones of the proximal row of the wrist: scaphoid, lunate and triquetral bones. During the examination, the transducer should be placed longitudinally in the long axis of the limb ([Fig. 1](#F0001){ref-type="fig"}; a US image obtained at this localization is presented in [Fig. 2](#F0002){ref-type="fig"}). Subsequently, the transducer is moved towards the elbow and radial bone, above the subsequent carpal bones.

![Probe position to evaluate the radiocarpal and midcarpal joints. Ultrasound image obtained in this position is presented in [Fig. 2](#F0002){ref-type="fig"}](JoU-2015-0015-g001){#F0001}

![Radiocarpal and midcarpal joints (dorsal wrist). The manner of probe position is presented in [Fig. 1](#F0001){ref-type="fig"}](JoU-2015-0015-g002){#F0002}

The midcarpal joint is composed of the proximal and distal rows of carpal bones. It has an extensive capsule and its shape resembles a horizontal letter "S." It permits flexion and extension movements of the wrist.

The carpometacarpal joints are localized between the articular surfaces of the distal row bones and articular surfaces of the proximal bases of the metacarpal bones. Apart from the carpometacarpal joint of the first metacarpal bone, the joints are of limited mobility.

Compartments of extensor tendons {#S0003}
================================

During the examination, one should assess the compartments of extensor tendons, including the content of the sheaths and the condition of the tendons ([Fig. 3](#F0003){ref-type="fig"}). Each compartment has its own retinaculum. It is important to visualize and identify individual tendons on the transverse view, and then follow them distally, up to their insertion, and proximally, to observe the structure of the muscle belly.

![Compartments of extensor tendons: I) abductor pollicis longus tendon, APL; extensor pollicis brevis tendon, EPB; II) extensor carpi radialis longus tendon, ECRL; extensor carpi radialis brevis tendon, ECRB; III) extensor pollicis longus tendon, EPL; IV) extensor digitorum communis tendon, ED; extensor indicis proprius tendon, EPI; V) extensor digiti quinti proprius tendon, EDQ; VI) extensor carpi ulnaris tendon, ECU](JoU-2015-0015-g003){#F0003}

First compartment {#S20004}
-----------------

The first compartment of extensor tendons is localized on the radial, dorsal surface of the wrist and includes the tendons of: the abductor pollicis longus (APL) and extensor pollicis brevis (EPB). During its examination, the patient\'s hand should rest freely or, if a good access cannot be obtained, it should be raised from the radial side. The transducer positions and their corresponding ultrasound images are presented in [Fig. 4](#F0004){ref-type="fig"} and [5](#F0005){ref-type="fig"}.

![First compartment. Scanning technique. Images obtained in these positions of the probe are shown in [Fig. 5](#F0005){ref-type="fig"}](JoU-2015-0015-g004){#F0004}

![First compartment (dorsal wrist). The image shows the abductor pollicis longus (APL) and extensor pollicis brevis tendons (EPB). The superficial branch of the radial nerve (yellow arrow) crosses above the tendons of the APL and EPL as the probe is moved distally](JoU-2015-0015-g005){#F0005}

Attention should be paid to the presence of a possible septum between the EBP and APL tendons that divides the compartment into two smaller ones. Its presence predisposes to De Quervain syndrome. Moreover, multiple tendons of the first compartment are also observed quite frequently, which favors compression and irritation.

The factor initiating De Quervain syndrome is overuse of the first compartment tendons that enter into a conflict with the retinaculum due to repetitive movements of the wrist. This initially leads to tenosynovitis of the first compartment tendons and to microinjuries with subsequent inflammatory-repair processes of the retinaculum. It can also cause secondary inflammation of the sheath and even sheath and tendon of the EBP and APL. Fibrosis and thickening of the retinaculum of the first compartment result from the inflammatory-repair reaction. These conditions exacerbate the conflict between the tendons/sheaths and the pulley that move beneath it, and can ultimately lead to the blockage of tendon movement^([@CIT0006])^.

Second compartment {#S20005}
------------------

The second compartment of extensor tendons, localized on the ulnar side of the first compartment, includes: the tendon of the extensor carpi radialis longus (ECRL) and extensor carpi radialis brevis (ECRB). The transducer positions and their corresponding ultrasound images are presented in [Fig. 6](#F0006){ref-type="fig"} and [7](#F0007){ref-type="fig"}. The scanning technique of the second compartment involves detailed assessment of the site in which it intersects with the muscles of the first compartment. It is localized about 4 cm proximally from the dorsal tubercle of the radial bone ([Fig. 7](#F0007){ref-type="fig"}). Specific, repetitive wrist movements may lead to a conflict in this localization between the intersecting first and second compartments, and thus bursitis can develop. This is so-called "intersection syndrome" which can develop in canoeists, weight lifters, skiers and people who perform repetitive activity, continuously flexing and extending the wrist during professional work^([@CIT0007])^.

![Second compartment. Scanning technique. Images obtained in these positions of the probe are shown in [Fig. 7](#F0007){ref-type="fig"}](JoU-2015-0015-g006){#F0006}

![Second compartment. The probe is placed transversally as it is shown in [Fig. 6](#F0006){ref-type="fig"}. The tendons of the second compartment can be identified (tendon of extensor carpi radialis longus; ECRL, tendon of extensor carpi radialis brevis, ECRB). As the probe is moved proximally along the tendons of the second compartment (from position A to position D in [Fig. 4](#F0004){ref-type="fig"}), the muscles of the first compartment can be seen (abductor pillicis longus, APL; extensor pollicis brevis; EPB). Note how the muscles of the first compartment encroach superficially to the ECRL and ECRB (II)](JoU-2015-0015-g007){#F0007}

Bursitis in further stages of an untreated conflict leads to secondary tenosynovitis in both compartments.

In such a situation, a US image of intersection syndrome reveals effusion and thickening of the synovial sheaths. In advanced stages, a US image shows changes within the tendons themselves, i.e. thickening, blurred fibrillar structure or vascularized scars^([@CIT0006])^. The presence of anechoic zones within the tendons, without increased vascularity in patients with a long history, probably indicates hypocellular scarring^([@CIT0006])^.

Third compartment {#S20006}
-----------------

The third compartment of extensor tendons includes the extensor pollicis longus tendon (EPL). When the probe is placed transversally ([Fig. 8 A](#F0008){ref-type="fig"}), the EPL tendon is visible on the ulnar side of the dorsal tubercle of the radial bone (Lister tubercle), which serves as a bony landmark due to its simple localization both in a US examination and on palpation ([Fig. 10](#F0010){ref-type="fig"}). It separates the extensor tendons of the second and third compartments. The transducer positions and their corresponding ultrasound images are presented in [Fig. 8](#F0008){ref-type="fig"} and [9](#F0009){ref-type="fig"}. Particular attention should be paid to the site in which the EPL crosses with the extensor tendons of the second compartment. In patients with a history of undisplaced distal radius fractures, delayed EPL tendon rupture can occur more frequently than in patients with displaced bone fragments. The phenomenon described is associated with compression on the tendon and its consequent ischemia and friction against bony structures. EPL rupture occurs after several weeks of distal radius fracture^([@CIT0008],\ [@CIT0009])^.

![Third compartment. Scanning technique. Images obtained in these positions of the probe are shown in [Fig. 9](#F0009){ref-type="fig"}](JoU-2015-0015-g008){#F0008}

![Third compartment (dorsal wrist) with the extensor pollicis longus tendon (EPL). The probe is placed transversally as it is shown in [Fig. 8](#F0008){ref-type="fig"}, point A. It is subsequently moved distally up to the EPL insertion. **A** -- the "starting position": the EPL tendon is situated on the ulnar side of the Lister tubercle. **B** and **C** show the EPL tendon encroaching superficially from the tendons of the second compartment (tendon of the extensor carpi radialis longus; ECRL, tendon of the extensor carpi radialis brevis, ECRB) to the tendon of the extensor digitorum communis which belongs to the fourth compartment](JoU-2015-0015-g009){#F0009}

![Anatomical snuff-box. LT -- Lister tubercle, EPL -- extensor pollicis longus (compartment III), EPB -- extensor pollicis brevis (compartment I)](JoU-2015-0015-g010){#F0010}

Fourth compartment {#S20007}
------------------

The fourth compartment of extensor tendons includes the tendons of extensor digitorum (ED) of the 2^nd^--5^th^ fingers and the tendon of extensor indicis proprius (EIP). Note that the index finger has two extensor tendons. The fourth compartment includes two tendon sheaths: one that is common for all extensor tendons of the 2^nd^--5^th^ fingers, and the other for the tendon of the index finger. This compartment contains the greatest number of tendons and therefore its retinaculum is the thickest. In the radial part of this compartment, a deep branch of the radial nerve (posterior interosseous nerve, PIN), together with the posterior interosseous artery, can be seen under the tendons. The place of transducer application and the images are presented in [Fig. 11](#F0011){ref-type="fig"} and [12](#F0012){ref-type="fig"}.

![Fourth and fifth compartments (dorsal wrist). Scanning technique. Images obtained in these positions of the probe are shown in [Fig. 12](#F0012){ref-type="fig"}](JoU-2015-0015-g011){#F0011}

![Fourth and fifth compartments: II) extensor carpi radialis longus tendon, ECRL; extensor carpi radialis brevis tendon, ECRB; III) extensor pollicis longus tendon, EPL; IV) extensor digitorum communis tendon, ED and extensor indicis proprius tendon, EIP; V) extensor digiti quinti proprius tendon, EDQ](JoU-2015-0015-g012){#F0012}

Fifth compartment {#S20008}
-----------------

The fifth compartment includes a small tendon of the extensor digiti quinti proprius (EDQ). It usually quickly divides into two separate tendons. The site of transducer application and the image obtained is presented in [Fig. 11](#F0011){ref-type="fig"} and [12](#F0012){ref-type="fig"}. Finger movements in a dynamic examination allow the extensor tendons of individual fingers to be identified.

Sixth compartment {#S20009}
-----------------

The sixth compartment of extensor tendons includes the extensor carpi ulnaris tendon (ECU). The site of transducer application and the image obtained is presented in [Fig. 13](#F0013){ref-type="fig"} and [14](#F0014){ref-type="fig"}. During the examination, attention should be paid to the osseofibrous ring created by the groove of the ulna and sixth compartment retinaculum (subsheath), which maintain the correct position of the ECU tendon. A dynamic examination upon a change of the hand position enables the visualization of the instability and ECU tendon slipping from its groove as a result of stretching (e.g. in an inflammatory or rheumatic process) or rupture of the retinaculum. This takes place due to repetitive microinjuries or a single trauma during supination or flexion of the ulnar wrist. In this position, the greatest load is placed upon the pulley^([@CIT0010])^. The greatest number of sixth compartment retinaculum injuries is noted in tennis and golf players^([@CIT0011]--[@CIT0013])^.

![Sixth compartment (dorsal wrist). Scanning technique. Images obtained in this position of the probe are shown in [Fig. 14](#F0014){ref-type="fig"}](JoU-2015-0015-g013){#F0013}

![Sixth compartment (extensor carpi ulnaris tendon, ECU)](JoU-2015-0015-g014){#F0014}

Radial nerve, radial artery and cephalic vein {#S0010}
=============================================

The radial nerve at the level of the lateral epicondyle of the humerus divides into two terminal branches: the superficial branch of the radial nerve and the posterior interosseous nerve (PIN). At the level of the wrist, the deep branch of the radial nerve (PIN) is situated under the tendons of the fourth compartment, and the superficial branch is visible at the level of the anatomical snuff box, above the first compartment of extensor tendons. The radial artery runs together with this branch but under the tendons of the first compartment.

The nerve and appropriate probe placement can be seen in [Fig. 4](#F0004){ref-type="fig"} and [5](#F0005){ref-type="fig"}. In the case of irritation or injury of this nerve, so-called Wartenberg\'s disease can develop, the symptoms of which include pain, numbness and paresthesia of the distal radial forearm as well as wrist and thumb. In patients with these symptoms, the nerve echostructure must be assessed along its entire length on transverse and longitudinal views, with particular attention paid to edema, rupture or significant changes in adjacent tissues (e.g. thrombosis in the cephalic vein)^([@CIT0006])^. The identification of the radial nerve branches and vessels is important before each intervention, e.g. decompression of a ganglion cyst arising from the carpal joint or for a precise puncture, without irritating or damaging these structures.

Scapholunate ligament and lunotriquetral Ligament {#S0011}
=================================================

Internal carpal ligaments, which stabilize the connection between individual bones of the proximal and distal rows, are: scapholunate ligament, lunotriquetral ligament, trapezio-trapezoid ligament (between the trapezium and trapezoid bone), trapezocapitate ligament (between the trapezoid and the capitate bone) and capitohamate ligament (between the hamate and capitate bone). During a standard US examination of the wrist, the scapholunate and lunotriquetral ligaments are assessed^([@CIT0014])^.

The scapholunate ligament consists of three parts: dorsal (the strongest one) as well as proximal and ventral, which are assessed in MR arthrography. The US examination enables good visualization of the dorsal part of the scapholunate ligament and the ventral part of the lunotriquetral ligament^([@CIT0015])^.

The transducer should be placed transversely to visualize the Lister\'s tubercle. Subsequently, it is moved distally until the scapholunate ligament is seen ([Fig. 15](#F0015){ref-type="fig"} and [16](#F0016){ref-type="fig"}). In order to visualize the lunotriquetral ligament, the probe should be moved towards the ulna. The US assessment involves the fibrillar echostructure of these ligaments in the long axis, which does not differ in normal conditions and in cases of partial or complete injuries from the image of other ligaments^([@CIT0016])^.

![Scapholunate ligament (dorsal portion) -- scanning technique. The probe should be placed transversally on the level of the Lister tubercle and then swept distally. The curved arrow demonstrates the ulnar deviation of the wrist -- it is useful in the evaluation of the echostructure and integrity of the dorsal part of the scapholunate ligament](JoU-2015-0015-g015){#F0015}

![Scapholunate ligament (dorsal portion). Hand and probe position is presented in [Fig. 15](#F0015){ref-type="fig"}](JoU-2015-0015-g016){#F0016}

In asymptomatic individuals the dorsal part of the scapholunate ligament can be fully visualized in 97% of patients, but the dorsal part of the lunotriquetral ligament can be seen in 61% of patients^([@CIT0017])^.

An ultrasound examination of the wrist is one of the most common US examinations conducted in patients with rheumatological diseases. Ultrasonographic signs depend on the advancement of the disease. Initially, only effusion and synovial thickening of the cavities, sheaths and bursae are observed. In the subsequent stage, enhanced vascularity of the synovial membrane can be seen. The stage and duration of a rheumatic condition can be determined by the presence of geodes and erosions^([@CIT0018])^. The examination is equally frequently conducted in patients with pain or swelling of the wrist due to non-rheumatological causes. The symptoms can result from the presence of ganglion cysts, posttraumatic lesions of tendons and joints or the ligament complex, neuropathies of various nature and even tumors^([@CIT0019]--[@CIT0022])^.
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